Objective To estimate how many deaths from cancer have been avoided in England and Wales because of recent improvements in survival.
Introduction
In July 1999 the government set a target to reduce mortality from cancer in people aged under 75 in England by at least 20% by the year 2010, estimating that up to 100 000 deaths would be avoided over the next decade. 1 About half of all cancers in England arise in people under 75: in 1997, the baseline year for the target, the death rate for people under 75 was 150 per 100 000, and there were 68 400 deaths. 2 The technical supplement to the strategy suggests that improvements in cancer survival as a result of screening and better treatment would be expected to deliver about 40% of the total reduction in cancer deaths (Gina Radford, Public Health Development Unit, NHS Executive, personal communication). Cancer survival improved fairly steadily between 1971 and 1995, 3 and these survival trends can be used to estimate the potential contribution to the government's target of further gains in survival.
Subjects and methods
Trends in cancer survival up to 1995 have recently been reported for 2.9 million adults in England and Wales who had cancer diagnosed between 1971 and 1990. 3 Patients were categorised by type of cancer, sex, age at diagnosis (15-39, 40-49, 50-59, 60-69, 70-79, and 80-99 years), and deprivation category of their census enumeration district of residence at diagnosis (quintiles of the Carstairs score 4 for Great Britain around the 1981 and 1991 censuses). Relative survival up to five years after diagnosis was estimated for patients categorised by time of diagnosis (1971-5, 1976-80, 1981-5, and 1986-90 ) by means of a STATA algorithm based on methodology developed by Estève et al 5 and reported for each type of cancer, sex, age at diagnosis, and deprivation category.
We carried out further analyses of these results to estimate how many cancer deaths were avoided within five years of diagnosis among patients with cancer diagnosed during 1986-90 as a result of their survival rates being higher than those of patients who had cancer diagnosed during 1981-5. We calculated avoided deaths as the difference between the observed and expected excess cancer mortality. We estimated the observed excess mortality for each type of cancer, age, and sex as the complement of the five year relative survival for patients diagnosed during 1986-90 multiplied by the total number of patients and summed over all groups. We estimated the expected excess mortality in similar fashion using the survival rates for patients diagnosed during 1981-5 (for further details, see extended description of methods on the BMJ 's website). ) . These deaths avoided within five years of diagnosis represent 3.3% of the overall excess mortality.
The largest number of avoided deaths arose for breast cancer in women (4822), representing an 11% reduction in the excess mortality that would have occurred within five years of diagnosis if survival had not improved. More than 1000 deaths were also avoided from cancers of the colon (2560, 6% of excess deaths), bladder (1157, 6%) and rectum (1090, 4%) and from melanoma of the skin (1098, 23%) ( fig 1) . Comparatively few deaths were avoided by improvements in survival from cancers of the lung (326 deaths, 0.2%), stomach (627, 1.6%), or prostate (294, 1%), for which survival had hardly improved since the previous five year period.
The largest proportional reductions in excess deaths were for melanoma of the skin (23%) and cancers of the testis (17%) and bone (17%). For another five cancers (Hodgkin's disease and malignancies of the breast, thyroid, eye, and penis), better survival also led to a 10-12% reduction in excess deaths. For each of these cancers, five year survival for patients diagnosed during 1986-90 rose by a similar amount (3-4%) and to a figure in the range 66-72%. This led to over 4800 avoided deaths from breast cancer, but only 415 avoided deaths from the other four cancers combined, because they are much less common (table) . The proportion of avoided deaths depends both on the initial survival rate and on the extent to which it improved with time. The actual number of avoided deaths also depends on the frequency of the cancer.
The pattern of avoided deaths by age at diagnosis varied widely for cancers of the breast, colon, and lung and melanoma (fig 2) in an extra table on the BMJ 's website). Three quarters (76%) of the 4822 deaths avoided among women with breast cancer arose among those aged 50-69 at diagnosis, for whom excess mortality within five years of diagnosis fell by 18-19%, proportionately about twice as much as for either younger or older patients. The increase in survival from colon cancer was similar in all age groups over 40, but more deaths were avoided in older patients, in whom the disease is much more common. For all cancers combined, about 12 000 of the 17 000 deaths avoided arose among adults aged under 75 at diagnosis (the age range targeted by government).
For the less common cancers, there were too few deaths in many subgroups to obtain stable estimates of avoided deaths by sex, age, and deprivation category. For the most common cancers, adjustment for trends in age-specific survival rates within each deprivation category reduced the estimated total of avoided deaths by about 10% (data not shown).
Discussion
Cancer patients have higher mortality than the general population, but they do not all die from cancer. Improvements in cancer survival save lives, in the sense that more cancer patients will turn out to have a normal life expectancy after treatment. Improvements in survival can therefore be measured by the extent to which this excess mortality-the number of deaths among cancer patients in excess of normal mortalityfalls with time.
For those common cancers that are still almost invariably fatal (such as lung and stomach), there will have to be a fall in incidence if the target reduction in deaths is to be achieved. Some progress will occur without any further action by government, however, because death rates from three of the most common cancers are already falling. Survival from lung and stomach cancer has changed little, but fewer new cases are occurring.
2 Improvements in survival can also lead to fewer cancer deaths even when the annual number of new cases is stable or rising. The fall in deaths from breast cancer, 6 for example, is occurring despite an underlying rise in incidence. This is due to improved survival from a combination of earlier diagnosis 7 and (for women aged 50-64) the breast screening programme (S M Moss, personal communication), and better treatment. 8 Our analyses suggest that the higher survival rates experienced by patients in England and Wales with cancer diagnosed during 1986-90 (compared with survival rates for patients with cancer diagnosed five years earlier) led to a reduction of 3% in excess mortality, or about 17 000 fewer deaths within five years of diagnosis.
Future gains in survival cannot be predicted with any certainty: even a small improvement in survival for one or more common cancers-such as those of lung, stomach, oesophagus, or prostate-would have a major impact on avoided deaths. Conversely, if no such gains occur and if the recent pace of improvement in survival for other cancers is not maintained, the future reduction in cancer deaths would be much smaller. However, given the overall regularity with which survival for all cancers combined has improved during the 25 years up to 1995, 3 recent gains can be used as the basis for a rough estimate of the extent to which future improvements in survival might contribute to the government's target of fewer cancer deaths by 2010. If excess mortality were to continue falling for patients diagnosed during 1996-2010 as it has done for patients diagnosed during 1981-90-that is, by about 3% every five years-then a further 6% fall would It is too early to assess the impact on national cancer survival rates of the reorganisation of cancer treatment services under way since 1995 (the "CalmanHine process" 9 ), but if inequalities in cancer survival were substantially reduced by this process, it would have a major additional impact on avoided deaths. Survival rates for patients with cancer diagnosed in England and Wales during 1986-90 and followed up to the end of 1995 suggest that some 12 700 deaths within five years of diagnosis would be avoided over five years if there were no socioeconomic inequalities in survival. 3 Eliminating these inequalities would greatly improve the chances of achieving the government's target of 100 000 fewer deaths in cancer patients aged under 75 by 2010.
Introduction
A large body of research reports an association between income distribution and health [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] and a range of hypotheses articulates possible mechanisms operat-
What is already known on this topic
Survival is known to be improving for many ( 
